Introduction
Senna multijuga (Rich.), known as false sicklepod, belongs to the Mimosaceae family and occurs in almost all the country, mainly in the rainforest of the Atlantic slope (Carvalho, 2008) and in the semidecidual cloud forests of the states from Ceará to São Paulo. Due to the adaptation to various kinds of soils, it is proper to be used for revegetation programs in degraded areas and ciliary forests, as well as for urban forestry. Wood can be used for lightweight boxes, toys, fuel wood and coal (Lorenzi, 2002) . It annually produces a great quantity of dormant seeds, dispersed by autochory, creating a seed bank (Carvalho, 2008) ; they were classified as orthodox (Carvalho and Nakagawa, 2000) , also confirmed by Scalon et al. (2006) . This species still presents silvicultural and ecological characteristics with potential for the implantation of forests by direct sowing. Thus, in order to rationally explore the potential of native species in the recovery of environments, it is extremely important to study seed quality, as well as the best way to produce seedlings.
The physiological quality of seeds is evaluated by fundamental parameters, such as viability and vigor. Vigor tests have been used to identify differences in the physiological quality of lots presenting similar germination power and to complement the information provided by the germination test (Carvalho and Nakagawa, 1988) . In order to determine seed vigor, the first germination count test, the seedling emergence test, the electrical conductivity test and the accelerated aging test may be efficiently used. However, the tetrazolium test is a feasible alternative, because it is quick França-Neto (1999) . In this sense, studies about vigor are important to obtain information about the period when seeds may remain feasible and about the deterioration and death of seeds.
The development of methods to quickly evaluate the physiological quality of seeds may help deciding about the use or discard of lots meant for the conservation and/ or production of seedlings. With the use of image analysis techniques, objective information may be obtained, in a relatively short period, with less human interference and, in many cases, without destroying seeds. Moreover, recorded images can be catalogued, stored and used to define nonsubjective and standardized evaluation criteria.
One of the morphological variations probably associated to the seed performance is the size of the embryo, that is, its development degree in relation to the available space in the seed internal cavity, estimated in a proportion expressed in percentage. This characteristic has been evaluated through image analysis in x-rayed seeds (Machado and Cicero, 2003; Pupim et al., 2008; Otoni et al., 2005) , trying to associate the results to germination and vigor. However, aiming at a higher analysis precision, it is important to use specific softwares. The Tomato Analyzer ® (TA) software allows substituting evaluations of morphological attributes through manual or subjective estimation measures (Brewer et al., 2006; Brewer et al., 2007; Brewer et al., 2008) . The system makes quantitative evaluations in an objective and semi-automatic way, accelerating the phenotypic analysis and obtaining highly consistent and repeatable information. Thus, the goal of this study was to evaluate the efficacy of using image analysis techniques, including the Tomato Analyzer ® (TA) software, in order to determine the internal morphology and its relation with the vigor of Senna multijuga seeds.
Materials and Methods
The research was developed in the Seed Testing and Image Analysis Laboratory of the Plant Production Department (PPD) of the Escola Superior de Agricultura "Luiz de Queiroz", Universidade de São Paulo, in Piracicaba, São Paulo state, with seeds coming from the Instituto de Pesquisas e Estudos Florestais (IPEF), in Piracicaba, São Paulo state, Brazil.
Fruits were harvested with the help of trimmers and plastic canvas from fifteen mother plants, in different ripeness stages, when they presented green to green-yellow-brownish colors; pods were still closed and they were placed in a shaded environment, for drying and later seed extraction.
Seeds were separated by color using Munsell color paper (1994), creating four Lots: L1 -initial population (control sample); L2 -medium green (2.5GY 5/8, equal or darker tone in relation to the standard color 2.5GY 6/6); L3 -light olive green (2.5GY 2/4, darker tone in relation to the standard color 2.5GY 6/6); L4 -mix of L1, L2 and L3 treatment. It was considered that Lot 1 was composed by ripe seeds. On the other hand, Lots 2, 3 and 4 presented different ripeness stages.
After obtaining the lots, seeds were submitted to a treatment to overcome dormancy, constituted by acid scarification, where they were immersed in sulphuric acid (H 2 SO 4 ) at 90%, for 20 minutes.
After treatment, seeds were evaluated by the following tests: Determination of seed moisture content: four replications of twenty seeds were used for each lot, through oven method at 105±3 ºC, for 24 hours, according to the prescriptions from the Rules for Seed Testing (Brasil, 2009); results were expressed in percentage (wet basis).
Germination test: conducted with four replications of 50 seeds for each lot, which were placed in paper towel, dampened with distilled water, equivalent to 2.5 times the mass of dry paper. Seeds were placed in a germinator adjusted at the temperature of 25 °C, with photoperiod of 12 hours (Brasil, 2009) .
Tetrazolium test: seeds were scarified with the help of sandpaper (80) on the opposite side of the embryo, and immersed for 14 hours in distilled water, at 25 °C. After hydration, the tegument and endosperm were removed with the help of a blade and the embryos were immersed in tetrazolium solutions at 0.1% concentration, remaining incubated for 5 hours in oven at 35 °C, in the dark. After incubation, embryos were washed with distilled water and longitudinally sectioned with a blade. Evaluations were performed with the help of a stereo microscope; a seed classification standard was elaborated, classifying them as viable (fully colored embryo), intermediate (colored areas represent the minimum area of the embryo necessary for normal germination) and unviable (non-colored embryo). The test was performed with four replications of 25 seeds for each lot.
X-ray analysis: in order to obtain x-ray images of the seeds, the Faxitron X-ray digital equipment was used, MX-20 DC-12 model, connected to a Core 2 Due computer (3.16 Ghz, 2 GB of RAM memory, 160 GB Hard Disk) and a 17' MultiSync LCD1990SX monitor. Two hundred seeds were x-rayed (4 replications of 50 seeds) for each lot and x-rays were obtained with seeds placed at 28.6 cm from the emission source. The radiation intensity and exposure time of seeds were automatically determined by the x-ray device. In order to properly position seeds during the exposure to x-rays, a transparent double-face tape was used, bonded to a rear projection transparent film (29.7 x 21.0 x 0.1 cm). After x-rays, seeds were placed in individualized cells on a plastic tray (100 cells/tray) for later germination. X-ray images were stored in the computer hard disk for future analysis of seed physical parameters by TA software.
Software Tomato Analyzer ® : after obtaining x-rays, seeds from the respective lots were individually submitted to evaluation by the software. The methodology described by Marcos-Filho et al. (2010) was adapted, using it to determine the parameter of the Pericarp Area, since in this research other parameters generated by the software were considered.
Germination after x-rays: seeds coming from the x-ray test, previously numbered, were distributed over two paper towel sheets, on the upper third of the substrate, covered with one more sheet and rolled. Paper sheets were moistened with a quantity of water equivalent to 2.5 times their mass. For each lot, eight replications of twenty-five seeds were used. Rolls were kept at 25 °C in BOD chamber with 8 light hours and 16 dark hours. Evaluations were performed on day 11, 16 and 28 after test establishment and germination data were expressed in percentage of normal seedlings (Brasil, 2009) .
After analyzing and evaluating each seed, the software automatically generated numeric values, referring to morphologic parameters, that is: Perimeter, Area and Pericarp Area. It is important to highlight that the adopted procedure to interpret the Pericarp Area parameter was the one detailed by Marcos-Filho et al. (2010) . Considering the different parameters evaluated by the software, images of the x-rayed seeds were submitted to the statistic analysis, with the goal of establishing different classes and relations with the results of other vigor tests, usually conducted for the species seeds, according to the methodology proposed by Silva and Cícero (2014) .
The experimental design was completely randomized with four treatments and replications, with averages compared by Tukey's test (p ≤ 0.05).
Results and Discussion
Results of water content (U%), germination (G%), tetrazolium (Tz%) and germination after the x-rays tests for the four lots of S. multijuga seeds can be found in Table 1 . Seeds presented water content between 10.4 and 11.2% and great variations were not found among seed lots; this fact must be considered in the evaluation of the physiological potential, since variations above 2% among samples may interfere with the results (Marcos-Filho and Kikuti, 2006; Tekrony, 2003) .
Still, compared to the physiological classification of seeds presented by Amorim et al. (2008) , this species shows a similar behavior to the one of orthodox species, since even with a low water content, they remain feasible after five months of storage. This behavior is also observed in species forming a seed bank as an establishment strategy, as well as abundant production and high-longevity seeds (Ferreira et al., 2004) .
It was possible to observe that evaluations on germination, tetrazolium and x-rayed seed germination identically classified all four lots as for physiological quality (Table 1) ; lot 1 had high physiological quality and lot 4 had low physiological quality. Moreover, the compliance of the criterion used to obtained the different lots was verified, according to which some Munsell color paper was used to separate seeds in different ripeness stage, allowing the obtainment of the four lots at issue. Similarly, Lopes et al. (2005) , in their studies with Tibouchina granulosa seeds, observed that the size of fruits and color of seeds are indicators of the physiological ripeness stage. Moreover, Martins and Silva (1997) reported that the moisture degree and dry matter mass were the parameters that best characterized the physiological ripeness in Dalbergia nigra (Vell.) Fr. All.ex Benth. seeds.
According to the classification proposed by França-Neto et al. (1998) , results obtained by tetrazolium test (Table 1 ) allowed verify that seed lot 1 had a very high vigor lot, whereas lot 2 had high vigor and lots 3 and 4 had medium vigor. It is important to highlight that the tetrazolium test presented the same lot classification as the germination test. This demonstrated that the tetrazolium test may be used to effi ciently evaluate the physiological quality of false sicklepod seeds. These results support the ones obtained by Piveta et al. (2010) and Ferreira et al. (2004) , who report that the tetrazolium test (0.075% concentration and 30 °C) with incubation for 5 hours, was eff ective in evaluating the vigor and viability of S. multijuga seeds, in laboratory or coming from the soil seed bank.
By examining the images of S. multijuga seeds and by the analysis of germination data obtained after the x-ray test (Table  1) , it is possible to observe that most seeds presenting a fully fi lled embryonic cavity, with well formed embryonic axis and endosperm ( Figure 1A ) or embryonic cavity with more than 50% fi lling, with well formed embryonic axis and endosperm originated normal seedlings, regardless of the lot ( Figure 1A) . It is possible that the wider the seed internal area occupied by the embryo and endosperm, the higher the germination potential, since with a more developed embryo, a lower energy expenditure will be necessary for its development, as well as the higher endosperm quantity constitutes more available energy for the process. According to Marchi et al. (2011) , some seeds presenting normal characteristics at the x-ray test, may present germination problems, possibly because of invisible infections with physiologically damaged or dead microorganisms and seeds, due to deterioration. Moreover, according to Socolowski and Cícero (2008) , seeds that emitted the primary root and did not create normal seedlings could be at the initial stage of viability loss. However, it is important to highlight that various aspects shall be considered in the study of seed morphology. As well as the internal cavity occupied by the embryo and endosperm, the presence of mechanical damages, stains indicating tissue deterioration or seed malformations are characters that may infl uence germination. Generally speaking, results from the x-ray test classified lot 1 as the one with best quality and lot 4 as the one with worst quality. Results of malformed seed percentage, predated seeds, seeds with deteriorated tissues and seeds with mechanical damages are presented in Table 2 . By data analysis, most seeds originated abnormal seedlings or dead seeds. However, these results must be compared with the ones observed in Table 1 , that is, it is possible to observe that lot 4, with the highest percentage of malformed seeds and deteriorated tissues, presented lower percentage of normal seedlings and higher percentage of abnormal seedlings, in opposition to lot 1 (Table 1 ). However, lot 1, with the highest percentage of predated seeds, presented higher percentage of normal seedlings and lower percentage of abnormal seedlings (Table 1) . Therefore, there is dependency of type and location of the damage on seeds and development of normal seedlings, abnormal seedlings or dead seeds. Similarly observed Marchi et al. (2011) , who used the x-ray test as the procedure to evaluate the internal morphology and associate it with the physiological quality of peanut seeds. According to Socolowski and Cícero (2008) , seed mass is an indicator of their physiological quality and x-ray images are important to observe the physical quality of seeds; this was similarly observed by Masetto et al. (2007) , analyzing images of Eugenia pleurantha. Moreover, similarly to what was observed by Oliveira et al. (2004) in yellow ipe (Tabebuia serratifolia Vahl Nich.) and pink ipe (Tabebuia impetiginosa (Martius ex A. P. de Candolle) Standley) seeds, the x-ray test was effective in evaluating the internal morphology of pink trumpet tree (Tabebuia heptaphylla) seeds, and the internal damages detected in the x-rays affected germination, reducing the lot quality.
Parameters obtained by seed image analysis, using the Tomato Analyzer ® software, can be found in Table 3 . By the analysis of data, it is possible to observe that of all parameters evaluated by the software, the only one presenting significant differences among the lots the one evaluating seed area. Therefore, results are opposed to what was obtained by Gomes-Junior et al. (2013) , who evaluated the effectiveness of the Tomato Analyzer ® software in identifying variations in the development degree of the embryo and their possible relation with the physiological potential in cucumber seeds. The authors concluded that the semi-automated analysis, performed with the help of the Tomato Analyzer ® software, allowed identifying close variations in the development degree of the embryos from different lots of cucumber seeds, observing that seeds whose embryonic area occupied less than 78.1% of the internal cavity were more likely to originate less developed seedlings. It is also worth mentioning that researches conducted by Machado and Cicero (2003) , Pupim et al. (2008) and Otoni and McDonald (2005) , which tried to associate the results of embryo development degree in relation to the available space in the seed internal cavity, estimated in a proportion expressed in percentage evaluated through image analysis techniques, to germination and vigor.
Studying S. multijuga seed morphology, Amorim et al. (2008) highlighted that the species present important characteristics that may help not only its identification, but that also affect the analysis of physiological quality, such as fruit characteristics, mainly dehiscence, shape, color and pericarp texture, common in the subfamily and seeds with the presence of closed pleurogram, areola and endosperm.
These characteristics may have caused the differences verified in the seed area (parameter A; Table 3 ), detected by the Tomato Analyzer ® software, without significantly affect the relation between the existing free space area between embryo and tegument, influencing the physiological quality of different seed lots. Thus, the results of this work demonstrated that for S. multijuga seeds, the measure of the seed Area parameter (A) expressed in a more evident way the differences in the physiological potential of lots compared to the Pericarp Area (PA) parameter, which evaluates the relation between the existing free space area between the embryo and the tegument.
Conclusions
The x-ray image test is effective to evaluate the internal morphology of Senna multijuga seeds and their relation with vigor.
The Tomato Analyzer ® software is sensitive to evaluate the development degree of Senna multijuga seeds.
